co-crystallisation of the matrix and the peptides allows MALDI-MS analysis. Since diffusion in this process is not relevant, the location of the peptides on the PVDF membrane corresponds to the location of their proteins in the gel. The membrane is then scanned by a MALDI-TOF mass spectrometer, which yields a peptide mass fingerprint for each scanned point. In the molecular scanner experiment discussed here, E.coli proteins were separated by 2D-PAGE and a portion of the PVDF membrane corresponding to a pI range of 5.1-5.2 and a MW range of 35'000-45'000 Da was scanned on a 48x32 grid with a spacing of 0.25mm . The first aim of the work presented here (Müller et al., submitted) was to get an idea of how the data were structured. Since there were many spectra, it was impossible to inspect and compare them by means of conventional visualization tools that are only able to render a few spectra at a time. We designed a method that allows circumventing this problem and inspecting all spectra at once. This revealed an interesting feature: some masses covered the entire membrane while others were localized in spots. The ubiquitous masses could be identified as chemical noise and were purged from the fingerprint because they impaired the identification process (Figure 1) . Masses detected over the entire membrane could be used to investigate the calibration of the mass spectrometer. This revealed that mass values were locally quite stable, but varied significantly over the entire membrane, whereas the difference between the minimal and maximal measured value was about 1 Da because the membrane was warped at its upper edge (high Mr values), and because physical conditions as electric field strength depend on the position of the sampling plate. Therefore it was impossible to assign precise mass values valuable for all spectra. A re-calibration of the spectra would facilitate data handling, and we had to device a method that does not rely on internal standard masses since these were not used in this experiment. We chose an iterative method that started from a few master spectra that could easily be calibrated since they provided very clear identifications, using the matching peptide masses as reference masses, and then used the strong correlation between neighboring spectra to spread the calibration over the entire membrane. This method successfully reduced the calibration error to 0.1 Dalton. Since the resolution of the 2D-PAGE is limited, protein spots can overlap and this enhances the possibility for false PMF identifications. Figure 1 shows an example of such a false identification in the overlapping zone of two proteins (SwissProt entries METK_ECOLI and IDH_ECOLI). A peptide mass fingerprint situated in the overlapping zone was submitted to SmartIdent , which returned a list of matching proteins: IDH_ECOLI (score: 818034.11), ALLC_ECOLI (score: 51341.17), METK_ECOLI (score: 25122.18), … Though ALLC_ECOLI had a higher score than METK_ECOLI, its matching peptides showed no consistent distribution. In fact, these were random matches with peptides from METK_ECOLI, IDH_ECOLI and chemical noise.
Therefore the fingerprints have to be untangled before identification. Peptide signal intensities as a function of their position on the membrane should positively correlate with the concentration of the protein the peptides stem from. Therefore, clustering all peptides with a similar signal intensity distribution should put all peptides originating from one protein in the same group and should separate tangled fingerprints. We calculated the intensity distribution of all 124 masses that were not part of the chemical noise and could be reproducibly detected over a part the membrane, and performed a hierarchical cluster analysis yielding a set of 20 clusters. The masses of each cluster were then submitted to SmartIdent, which found clear identifications for 13 of these 20 clusters (Figure 2 ). This method is fully automated and provides clear identifications also for weakly expressed proteins that would be very difficult to detect using conventional methods that perform identifications without taking account of the spatial correlation. Figure 2 . Summits of the intensity distributions of all 124 masses. The intensity distributions were smoothed using a median filter before the summits were calculated. The vertical axis indicates the number of summits found on the respective scan point. The groups that could be identified 
